Advances in understanding of the anatomy of lateral atlantoaxial joint meniscoids have lead to theories regarding the clinical significance of these structures in head and neck pain. However, there is a paucity of evidence pertaining to anatomical variations of lateral atlantoaxial joint meniscoids in cadaveric research or in vivo. We present the case of a 57-year-old female with a variation in the morphology of the lateral atlantoaxial joint meniscoids. The subject was a symptom-free volunteer in an anatomical study employing magnetic resonance imaging. On review of her scans, the dorsal meniscoid of both left and right lateral atlantoaxial joints extended across the entirety of the articular cavities, with no visible ventral meniscoid. This variation has not previously been reported, and may have clinical implications in the context of cervical spine trauma. With increasing evidence regarding the pathoanatomical potential of lateral atlantoaxial joint meniscoids, appreciation of anatomical variation in a symptom-free population may have future clinical utility.
Introduction
Lateral atlantoaxial joint meniscoids, also known as synovial folds, are invaginations of synovial membrane that extend between the articular surfaces. [1, 2] These structures are found at the ventral and dorsal aspects of lateral atlantoaxial joints (Figure 1) , and are hypothesized to function to ensure lubrication of articular surfaces with synovial fluid and aid in distribution of weight through the joint. [2] [3] [4] [5] Lateral atlantoaxial joint meniscoids comprise adipose tissue, fibrous tissue, or a combination of both tissue types, and have been noted to contain blood vessels and nerve fibres. [1, 6] Lateral atlantoaxial joint meniscoids have been theorised to be of clinical significance through their fibrosis or degeneration, mechanical entrapment between articular surfaces, or injury during cervical spine trauma, such as in a whiplash injury. [2] Recent findings of an MRI study [7] suggest that meniscoid morphology may have clinical implications in chronic whiplash neck pain. Consequently, recognition of variability in meniscoid anatomy is of potential interest to both anatomical scientists and clinicians.
Case Report
We present the case of a 57-year-old female that volunteered to participate in a university research project examining cervical spine morphology in whiplash-associated disorder. The subject had volunteered as a member of the pain-free control group for the project, and as such had no history of significant cervical spine pain, trauma or surgery, no known congenital cervical spine deformities, no history of rheumatic disorders and no other significant medical history. Written informed consent was attained prior to participation in the project. The study received institutional human research ethics approval and was undertaken in accordance with the ethical standards laid down in the Declaration of Helsinki. The subject underwent cervical spine magnetic resonance imaging in 3-Tesla unit (Siemens AG, Munich, Germany) with a 20-channel head and neck coil using a T1-weighted volumetric inter-polated breath-hold examination (T1-VIBE) sequence with fat suppression. This sequence was selected to effectively visualize the lateral atlantoaxial and cervical zygapophyseal joints and their enclosed meniscoids, and was modified from a protocol described by Friedrich et al. [8] On review of the scans, it was noted that both the left and right lateral atlantoaxial joints appeared to each contain one large meniscoid only, rather than two distinct meniscoids at the ventral and dorsal aspects of the each joint. These structures extended from the joint capsule at the dorsal aspect of the joint, through the articular cavity to the ventral aspect of the joint, almost reaching the ventral joint capsule (Figure 2) . In both the left and right lateral atlantoaxial joints, the large dorsal meniscoids were visible at the medial, central and lateral aspects of the joints. At their widest points, both dorsal meniscoids measured 1.4 cm in a posterior-anterior direction from joint capsule to apex.
Discussion
On review of the literature regarding lateral atlantoaxial meniscoid morphology, no prior work has explicitly reported the variation described in the present case study: dorsal meniscoids spanning the lateral atlantoaxial joints, in lieu of ventral meniscoids. Such an absence of prior description may infer that the observed variation is reasonably uncommon. [12] [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr] It is plausible that the observed variation may have an embryological origin. The spinal meniscoids are theorized to originate as single mesenchymal plates that span the primitive articular cavities of spinal joints. [2, 9] As the embryo develops, each plate is thought to undergo a regressive process leading to attrition of the central portion of the structure, such that wedges of tissue remain at the peripheries of the joints, forming ventral and dorsal meniscoids. [2, 3, 9] Variation in the regression of the primitive lateral atlantoaxial joint mesenchymal plates may have lead to the unusually large dorsal meniscoids and absent ventral meniscoids noted in the present case, however, this is a speculative explanation.
The existence of dorsal meniscoids spanning the lateral atlantoaxial joints may have clinical significance for people with this anatomical variation. Lateral atlantoaxial joint meniscoids have been implicated as structures capable of being damaged during cervical spine trauma, by autopsy evidence of contusion and haematoma in victims of fatal motor vehicle collisions. [10, 11] It is plausible that a large meniscoid occupying a significant portion of the articular cavity may be more easily impacted between the enveloping articular surfaces than a smaller meniscoid, and as such one may speculate that the variation described in the present case report may be associated with a higher likelihood of meniscoid injury if the individual were subject to significant cervical spine trauma.
Understanding of the clinical significance of lateral atlantoaxial joint meniscoids is increasing, with recent research noting associations between meniscoid morphology and articular degeneration, [1] describing their innervation, [6] and observing morphometrical differences between lateral atlantoaxial joint meniscoids of individuals with chronic whiplash associated disorder and matched asymptomatic controls. [7] With advances in magnetic resonance imaging, our capacity to visualize lateral atlantoaxial joint meniscoids in vivo is improving, and as such it is important to be aware of variations in the anatomy of these potentially clinically significant structures.
